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Ingestion of fatty foods increases dopamine release in the substantia nigra, producing a positive hedonic
state. Tellez et al. (2013) demonstrate that an intestinal signal generated by fat consumption, oleoylethano-
lamide, stimulates central dopamine activity, thus regulating the reward value of fat and establishing a link
between caloric-homeostatic and hedonic-homeostatic controllers.The predominant contemporary model of
energy homeostasis suggests that food
intake, adiposity, and metabolic parame-
ters are controlled homeostatically. Thus,
food consumption, both individual meals
and intake over longer intervals, is con-
sidered to be under the influence of
molecular signals indicating long-term
(related to adipose tissue stores) and
acute metabolic needs, providing a
mechanism for the observation that most
people maintain a relatively stable body
weight over time. Numerous signaling
molecules, predominantly peptides of
the gut-brain axis, coordinate caloric
intake and stored body fat. Satiation
signals including cholecystokinin (CCK)
and glucagon-like-peptide-1 (GLP-1) and
adiposity signals including leptin and
insulin converge in the hindbrain and the
mediobasal hypothalamus, where they
activate transmitters such as neuropep-
tide-Y and the melanocortins that in turn
influence energy intake and expenditure.
Hedonics, stress, social factors, learning,
and other nonhomeostatic influences
are superimposed upon hypothalamic
homeostatic circuits (Berthoud, 2011),
with dopamine release in the nucleus
accumbens being a poster child for medi-
ating positive hedonic aspects of palat-
able foods (Volkow et al., 2011). NowTellez et al. (2013) provide evidence that
the food reward system in the brain—
mediated by dopamine signaling—is also
homeostatically regulated, the link being
oleoylethanolamide (OEA), a naturally
occurring amide of ethanolamine and
oleic acid that is generated in the intes-
tine when lipids are ingested.
Advances in understanding the control
of energy homeostasis are proceeding at
a rapid pace. A noteworthy example was
the finding that derivatives of nutrients
themselves act as key signaling mole-
cules. In 2001, Piomelli and colleagues
reported that OEA potently suppresses
food intake via activation of vagal afferent
nerves and that endogenous production
of OEA is regulated by nutritional status
(Rodrı´guez de Fonseca et al., 2001).
Subsequent research found that OEA’s
hypophagic action is dependent on the
nuclear receptor protein PPARa and
the membrane protein CD36 (Fu et al.,
2003; Schwartz et al., 2008)—and not
secondary to learned aversions, illness,
or malaise (Proulx et al., 2005).
Tellez and colleagues (2013) now report
that OEA links dietary fat ingestion to
dopamine signaling in brain reward
circuits. When calorically dense lipid
emulsions (i.e., Intralipid) are infused into
the stomach, normal mice release dopa-mine in the substantia nigra over the
following hour, a response that is attenu-
ated in mice maintained on a high-fat
diet (HFD) indicating HFD-induced
homeostatic malfunction. The dopamine
release is reinstated when HFD-obese
mice receive peripheral, but not central,
OEA administration. Importantly, the
deficits in nigrostriatal dopamine sig-
naling characteristic of HFD-induced
obesity are specific to infusion of a high-
fat emulsion and independent of total
caloric consumption or obesity, both of
which were controlled.
More interesting, Tellez and colleagues
(2013) compared the effect of OEA on
mice—fed either LFD or HFD—that licked
at a dry spout to receive intragastric
infusions of fat emulsions. Whereas OEA
treatment in LFD mice led to reduced
intake (in line with the satiating effects of
OEA), mice maintained on HFD had
increased emulsion intake following OEA
treatment, consistent with the concomi-
tant increase in striatal dopamine and
its elevated reward potential. When high-
fat emulsions were provided orally (as
opposed to intragastrically), mice fed
LFD or HFD had comparable intakes
during feeding sessions, which were
similarly reduced by the satiating action
of OEA, suggesting that orosensory8, October 1, 2013 ª2013 Elsevier Inc. 459
Figure 1. Oleoylethanolamide Links Homeostatic and Hedonic Food Intake
The prevailing paradigm of food intake suggests that homeostatic influences (depicted in red), including
adiposity signals (i.e., leptin and insulin) and satiation signals (i.e., cholecystokinin [CCK] and glucagon-
like peptide [GLP-1]) provide feedback on nutrient status from the periphery to brain regions such as
the arcuate nucleus (ARC) and the nucleus tractus solitarius (NTS). Nonhomeostatic influences (depicted
in blue) such as stress, learning, and hedonics act to alter food intake independently of homeostatic influ-
ences. Oleoylethanolamide (OEA) is released from the gut in response to ingested fat and acts as a satiety
signal to reduce food intake via vagal afferents to the NTS. OEA also provides hedonic feedback in a ho-
meostaticmanner by increasing dopamine reward signaling, providing a link between caloric-homeostatic
and hedonic-homeostatic controllers (depicted in purple).
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affect the response to OEA. HFD-fed
mice provided a low-fat emulsion had
increased intake when injected with
OEA, and this was attenuated by dopa-
minergic antagonists, indicating that
OEA-mediated reward signaling led to
increased intake of the otherwise unpalat-
able emulsion.
The data are consistent with the model
that diet-induced obese individuals, who
have reduced endogenous OEA in the
intestine (Tellez et al., 2013) and less
dopamine signaling in the brain in
response to ingested food (Geiger
et al., 2008), compensate by increasing
their intake of dietary fat, normalizing
dopamine activity but at the cost of
overeating and becoming even more
obese. Importantly, OEA administra-
tion also enhances dopamine release
during infusion of a low-fat emulsion
that would normally be insufficient to
increase brain dopamine. Thus, a signal
generated by fat consumption, OEA,
appears to homeostatically regulate
central dopamine activity, implying
that the ingestion-OEA-dopamine axis
helps dictate the reward value of food,
providing a previously undescribed460 Cell Metabolism 18, October 1, 2013 ª20link between caloric-homeostatic and
hedonic-homeostatic controllers (see
Figure 1). One implication is that OEA
could be used therapeutically to increase
consumption of healthy but relatively
unpalatable reduced-fat foods by
making their after-effects more ‘‘pleasur-
able,’’ thereby reducing the caloric
content required to produce a hedonic
response.
Several intriguing questions remain
unanswered from the Tellez report.
Does the satiating signal generated by
intestinal OEA utilize the same vagal
afferent axons to the hindbrain as sati-
ating signals such as CCK, GLP-1, and
others? If so, it is curious that some
satiating molecules in that circuit (e.g.,
GLP-1) create a negative reaction to
food whereas OEA does the opposite.
Would animals on HFD learn to self-
administer OEA in some situations?
Finally, because no loss-of-function ex-
periment has been done, OEA’s neces-
sity for influencing normal ingestion is
not known.
It has been recognized for some time
that traditionally described homeostatic
and nonhomeostatic controls of food
intake, rather than using distinct brain13 Elsevier Inc.circuits, are actually different limbs of a
common integrated system (Begg and
Woods, 2013). However, if striatal dopa-
mine during and after meals is homeo-
statically regulated, as the Tellez data
imply, it is not clear how caloric and he-
donic homeostatic controllers normally
interact. Which trumps which? Could
OEA, or its downstream mediators
PPARa and/or striatal dopamine, be
used to enhance consumption of other-
wise relatively unpalatable healthy
foods? It seems somewhat paradoxical
that the same compound, OEA, can
reduce intake of an acute meal while at
the same time increasing the reward
value of that meal. If individuals are moti-
vated to normalize striatal dopamine
after meals as the authors suggest, it
could partially account for the obesity
epidemic in that, as obesity begins to
develop, less OEA and consequently
less striatal dopamine are elicited by
meals, leading to ever-increasing intake
of more fattening foods, creating a
vicious circle. Whether OEA will prove
to be a viable treatment for obesity by
increasing the hedonic value of lower-
fat food remains to be seen, however.
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